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SPECIAL NOTES 


1, API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4, NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT 
COVERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED 
IN THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST 
LIABILITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS 
AFTER ITS PUBLICATION DATE AS AN OPERATIVE APT STANDARD OR, 
WHERE AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. ‘THE 
STATUS OF THE PUBLICATION CAN BE ASCERTAINED FROM THE API 
AUTHORING DEPARTMENT [TELEPHONE (202) 682-8000]. A CATALOG OF API 
PUBLICATIONS AND MATERIALS IS PUBLISHED ANNUALLY AND UPDATED 
QUARTERLY BY API, 1220 L STREET, N.W., WASHINGTON, D.C, 20005. 


Copyright © 1995 American Petroleum Institute 
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FOREWORD 


API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty or guarantee in connection with this publi- 
cation and hereby expressly disclaims any liability or responsibility for loss or damage 
resulting from its use or for the violation of any federal, state, ot municipal regulation with. 
which this publication may conflict. 

Suggested revisions arc invited and should be submitted to the Measurement Coordi- 
nator, Exploration and Production Department, American Petroleum Institute, 1220 L 
Street, N.W., Washington, D.C. 20005. 
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Chapter 4—Proving Systems 


SECTION 8—OPERATION OF 
PROVING SYSTEMS 


4.8.1 Introduction 


This guide is intended to provide essential information on 
the operation of the various meter-proving systems used in 
the petroleum industry. 

In the petroleum industry, the term proving is used 10 refer 
to the testing of liquid petroleum meters. A meter is proved 
by comparing a known prover volume Lu an indicated meter 
volume. The meter and prover volumes are then subjected to 
a series of calculations using correction factors to convert 
volumes to slandard conditions for the effects of temperature 
and pressure to establish a meter factor. 

Liquid petroleum meters used for custody transfer 
measurement require periodic proving to verify accuracy and 
repeatability and to establish valid meter factors. 

Conventional pipe provers, small volume provers, 
master-meter provers, and tank provers vary in size and may 
be permanently installed or mobile. These prover types are 
described in API MPMS Chapter 4,2 and in more detail in 
their respective sections of this chapter of the API Manual of 
Petroleum Measurement Standards (MPMS). 


4.8.1.1 SCOPE AND FIELD OF APPLICATION 


This guide provides information for operating meter 
provers on single-phase liquid hydrocarbons. It is intended 
for use as a teference manual for operating proving systems. 

The requirements of API MPMS Chapter 4.8 are based on 
customary practices for crude oils covered by Table 6A and 
products covered by Table 6B in API MPMS, Chapter 11.1. 
Much of the information in API MPMS Chapter 4.8 is appli- 
cable to other fluids. Specific requirements for other fluids 
should be agreeable to the parties involved. 


48.1.2 DEFINITION OF TERMS 


4.8.1.2.4 Meter proving is the comparison of a known 
prover volume to the indicated meter volume; the meter and 
prover volumes are then subjected to a series of calculations 
using ccrrection factors for temperature, pressure, and API 
gravity (or relative density) to establish a meter factor. 


4.8.1.2.2 A meter factor is a dimensionless number 
obtained by dividing the volume of liquid passed through the 
meter (as measured by a prover during proving) by the corre- 
sponding meter-indicated volume, both at standard conditions. 
4.8.1.2.3 Base prover volume is the volume displaced 


between detectors at standard conditions, in other words, 
15°C (60°F), 101.325 kPa (0 psig). 
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4.8.1.2.4 A proving run or calibration run consists of one 
round trip of a bidirectional prover, one pass of a unidirec- 
tional prover, one filling of a tank prover, or one test run with 
@ master meter. 


4.8.1.3 API REFERENCED PUBLICATIONS 
ATT 
Manual of Petroleum Measurement Standards (MPMS) 

Chapter 1, “Vocabulary” 
Chapter 4, “Proving Systems,” Section 2, “Conventional 
Pipe Prevers”; Section 3, “Small Volume Provers”; 
Section 4, “Tank Provers”; Section 5, “Master-Meter 
Provers”; Section 6, “Pulse Interpolation” 
Chapter ’5, “Metering,” Section 2, “Measurement of 
Liquid Hydrocarbons by Displacement Meters”; Scction 
3, Measurement of Liquid Hydrocarbons by Turbine 
Meters”; Section 4, “Accessory Equipment for Liquid 
Meters”; Section 5, “Fidelity and Security of Flow 
Measurement Pulsed-Data Transmission Systems” 
Chapter 7, “Temperature Determination,” Section 2, 
“Dynamic Temperature Determination” 
Chapter 11, “Physical Properties Data,” Section 1, 
“Volume Correction Factors” 
Chapter 12, “Calculation of Petroleum Quantities,” 
Section 2, “Calculation of Liquid Petroleum Quantities 
Measured by Turbine or Displacement Meters” 
Chapter 13, “Statistical Aspects of Measuring and 
Sampling,” Section 2, “Statisticat Methods of Evaluating 
Meter Proving Data” 


4.8.2 Pertinent Information, Applicable 
to Meter Proving Systems in 
Chapter 4.8 


4.8.2.1 THE NEED TO PROVE 


A meter in service should be periodically proved to 
confirm its accuracy. The previously determined meter factor 
may no longer be applicable due to changes in fluid charac- 
teristics, operating conditions, and meter wear. Specific 
reasons for proving meters include the following: 


a, The meter has been opened for inspection or repair. 

b. The meter calibrator has been changed or requires 
changing. 

c. Any of the meter accessories have been changed, repaired, 
or removed. 

d. Changes in operating conditions have occurred, such as 
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API gravity, relative density, viscosity, temperature, pres- 
sure, or [low rate. 

e. Contractual requirements exist, such as scheduled meter 
maintenance based on volume throughput and/or elapsed 
ume. 


4.8.2.2 TYPICAL METERING INSTALLATIONS 


Typical metering installations are shown in Figure 1 and 
Figure 2. There are many variations encountered hecause 
of specific design requirements. Mobile provers are usually 
used with single meter installations. Installations with 
multiple meters usually have a permanently installed 
prover, 


4.8.2.3 PREPARATION FOR PROVING WITH A 
MOBILE PROVER 


This section summarizes the preparatory work that should 
be done in a specific sequence. 

The specification of the mobile prover must be reviewed 
to ensure that the prover is suitable for the flow rate, pres- 
sure, and the temperature of the metering facility. Pressure 
and temperature ratings must satisfy all regulations and 
standards. Prover matcrials must be compatible with the 
metered liquids. Elastomers are especially susceptible to 
damage from incompatibility. The elastomers of the 
sphere/piston, flange o rings and gaskets, valve seals/seats, 
hoses, swivel fittings, and so forth, must be compatible with 
the liquid. 

Check that the product in the prover is compatible with 
the current product to prevent contamination. If incompat- 
ible, it may be necessary to drain and flush the prover. 

On arrival at the site, the operator should (a) report to the 
site supervisor to arrange for assistance, (b) identify the meter 
to be proved, (c) identify connections, (d) arrange for electric 
power (if required), (e) arrange for disposal of liquid (if not 
returned to the pipe line), (f) set up traffic barriers, and so on. 

The prover should be properly positioned, leveled, 
braked, and electrically grounded, If a vapor recovery 
system is used during normal metering operations, consider- 
ation should be given to operating the vapor recovery 
system during the meter proving. Before removing blind 
flanges or end caps from the connecting stubs, make abso- 
lutely certain there is no pressure behind the flanges. Always 
inspect the hoses before and after connecting the prover for 
signs of wear and damage. Make all necessary electrical 
connections, 


4.8.24 TEMPERATURE, PRESSURE, AND 
DENSITY MEASUREMENTS 


Use thermometers or temperature transducers with the 
highest practical scale resolution as recommended in API 
MPMS Chapter 7.2, and record as recommended in API 
MPMS Chapter 12.2. 
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Pressure gauges or pressure transducers should be selected 
toa scale resolution as recommended in API MPMS Chapter 
4 and recorded as recommended in API MPMS Chapter 
12.2, 

Density (API gravity or relative density) is determined by 
using cither a densitometer, a thermohydrometer or hydrom- 
eter and thermometer, with density resolution equivalent to 
0.1 degree API gravity or better, and recorded as recom- 
mended in API MPMS Chapter 12.2. 


4.8.2.5 INDICATED VOLUME CORRECTION 


4.8.2.5.1 Meter Factor 


A meter is a mechanical device and is affected by slip- 
page, drag, and wear. A meter reacts differently when 
metering different liquids. A meter factor is used to correct 
the indicated volume to the actual metered throughput. 

The meter factors CTL and CPL (see API MPMS 
Chapter 12.2) are used to correct the indicated meter volume 
to gross standard volume on a measurement ticket. A meter 
factor is the ralio of the gross standard volume of liquid 
passed through the prover (GSV,) to the indicated standard 
volume of the meter USV,_), expressed by the following 
equation: 

MF = GSVpt ISVm 


Meter and prover volumes shall be corrected to base 
conditions (for example, 60°F, 0 psig). The valucs of GSV, 
and ISV,, shall always be expressed in the samc units. This 
makes the meter factor a nondimensional number. 

See API MPMS Chapter 12.2. 


4.8.2.5.2 K-Factor 


Some meters such as turbines may not be equipped with a 
counter that reads directly in units of volume. Their output is 
a series of electrical pulses (m) that is proportional to the 
yolume (v) passed through the meter. K-factor is defined as 
the number of pulses generated by the meter per unit 
volume, as expressed as the following: 

. Ke=nty 

A new K-factor may be determined during each proving to 
correct the indicated volume to gross volume. If a new K- 
factor ig not used, a constant K-factor may be used, and the 
new meter factor will correct indicated volume to gross 
volume. 


4.8.2.6 PULSE GENERATING METERS 


A meter must produce a high-resolution electrical pulse to 
drive a proving counter. Two basic types of pulse-generating 
meters commonly used in the petroleum industry are turbine 
and displacement meters. 

A turbine meter uses the energy of the fluid stream to tum 


APT MPMS*4.8 95 MM 0732290 05448927 875 i 


Section 8—Operation of Proving Systems 


MOld 


UOPEIEISU JA]}aWMO]{ SuIqINy ajduNs—} enbj3 


-afineB asnssald = Id 

weyOWOULAUL = |b 

“(peuinbe se) enea wunjes-U0N) = OF 
“(pauinbas se) anjen [OUOD MOL = § 
“suojoaieq = 
“yanadd adi = 7 

“S@AJEA UOQE[OS| = 9 

“Quen 42019 aIqnOP) axa yDOIG URW = 


“(poulnbos se) sopeulWi|s se/SIOUIE.AS/SIOYI4 = Z 
“SBATRA YO0Iq WeaNnsdr = | 
2810N, 


\ 
Ele — Dey 
oH 


Copyright por American Petroleum Institute 


Thu Dec 14 21:17:24 2000 


API MPMS*4.8 95 MM 0732290 O548928 701 


Cuarter 4—Pxovine Systems: 


uolye]|/e1suy Bueyeyy wes.g-ginyy yeordAy—z aunBiy 


‘aBneG aunsseld = Id Ja}PWOWSYL = [1 


{(paunba se) enyen wunjes-UOn = OL ‘{peunbas se) SenyeA [O1,IOD MO]Y = & 'S10}0e16q = g Liancdd adig = J S@AEA UOHEIOS] = 9 


{(pae|q-pue-y9019 agNOp) SaAjeAyOoIA UIBY = g ‘siajowMoY aUIgN] = p ‘cuauAyByeySs Mol = ‘(paunba, se) ssopeulwe sesiouleys/ssayiy = Z ‘senpen yooiq weansdy = b 


ino | mors 


:@10N 


Copyright por American Petroleum Institute 


Thu Dec 14 21:17:25 2000 


API MPNS*4.5 95 MM 0732290 0548929 646 


Section 8—Operation of Proving Systems 5 


a bladed rotor which produces an electrical signal that is 
proportional to flow. 

A displacement meter mechanically separates the liquid 
into discrete quantities of fixed volume. The rotation of the 
displacement meter is used to drive a pulse-generating 
device with its output proportional to flow. 


4.8.2.7 PULSE INTEGRITY CHECK 


The displacement-meter pulse generator should be 
checked for pulse integrity. One method is to check the 
number of pulses per revolution of the disk. Each time the 
slotted disk used to generate pulses completes a revolution, 
a fixed number of pulses (1000 for example} should be 
generated. A magnetic or optical switch on the disc starts 
and stops the proving counter. The proving counter should 
indicate 1000 pulses plus or minus 1 pulse (that is, 999 to 
1001 pulses). 

This procedure should be repeated until at least the 
minimum number of pulses equals one pass of the prover 
displacer, If the pulse integrity check fails, then the meter 
drive train, the pulse generator, the counter, cables, or 
connections are faulty and should be repaired or replaced 
before proving is undertaken. 

Turbine meter pulse integrity can be checked by displaying 
the pulse train on an oscilloscope. A missing pulse may be the 
result of a loose or missing turbine meter rim button or blade. 
If a nonuniform pulse train is produced, the meter should be 
repaired or replaced before proving is resumed. 


4.8.2.8 POTENTIAL PROVING PROBLEMS 


The meter and all of ils associated equipment (such as 
gear trains, registers, compensators, and counters} must be 
maintained in good working order, both mechanically and 
electrically. The meter should also be inspected whenever its 
performance is in question, if mechanical or clectrical prob- 
lems exist, or as required by contract or regulations. 

The meter should be operated in the linear portion of its 
performance curve, and the prover should be operated within 
its flowrate limitations. The meter should be proved as close 
as practical to the same conditions under which it normally 
operates. Meter performance is dependent upon flow rate. 
Therefore, during proving it is essential that flow rate be 
maintained as steady as possible within the normal operating 
flow range of the meter. 


4.8.2.8.1 Flow Conditioning 


A strainer or filter should be provided upstream of the 
meter to protect it from being damaged by foreign materials 
and entrained solids. 

Downstream of a partially opened valve or a pipe fitting, 
the cross-sectional velocity will be nonsymmctrical. This 
velocity profile has little or no effect on the performance of 
displacement meters, but seriously affects turbine meters. 
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Tlow conditioning upstream and downstream of a turbine 
meter should be per API MPMS, Chapter 5, Section 3. 

It is essential that the pressure in the meter and the prover 
be higher than the vapor pressure of the liquid. With turbine 
meters, this back pressure must not be less than that speci- 
fied in API MPMS, Chapter 5, Section 3. A common method 
of preventing vaporization is the use of a back-pressure 
control device downstream of the meter. 

Entrained vapor will cause crroneous proving results. Any 
time a system is filled with liquid, all vapors must be vented. 
If the venting is not properly done, vapor left in the line will 
subsequently be swept through the meter/proving system. 

When liquid is withdrawn from a tank with a low liquid 
level, a vortex at the tank discharge may form, causing air or 
vapor to be drawn into the meter stream. A vortex breaker 
may be installed in the tank to prevent vortex formation, and 
an air/vapor eliminator is often installed upstream of the 
Meter to prevent vapor from flowing through the meter. 


4,8.2.8.2 Temperature Variations 


For best results, the prover temperature and the meter 
temperature should be stabilized. When a prover has been 
off line, more time is required for temperature equilibrium to 
be attained. The ability to detect temperature changes during 
proving is essential if accurate results are to be obtained with 
a meter prover. 


48.2.8.3 Valve(s) Leakage 


During proving, it is essential that all liquid flowing 
through the meter flows through the prover. Therefore, the 
sphere interchange in a unidirectional prover, the four-way 
valve in a bidirectional prover, and every valve between the 
meter and the prover must seal leak-tight when closed. Any 
leakage through the valves will cause an error in proving. 
These valves should be of a double block-and-bleed type or 
of a similar valving configuration to insure seal integrity. All 
valves to the prover from other meter runs must be isolated 
without leakage during proving. Drains, vents, and relief 
valves must seal during proving. 

The space between the seals on a double block- and-bleed 
valve or valving configuration is connected to a small bleed 
valve, pressure gauge, or pressure switch to verify scal 
integrity. Seal integrity should be checked each time a valve 
is closed. 


4.8.2.8.4 Effect of Wear, Damage, and Deposits 
on Meters and Straightening Sections 


As a displacement or turbine meter wears, its meter factor 
will gradually change. Therefore, all meters should be 
proved at regular intervals. 

Turbine meters and their straightening sections with 
tube-bundles or vanes are susceptible to collecting foreign 
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objects traveling in the flow stream. They should be 
inspected and cleaned periodically. 

Turbine meters are especially susceptible to the effects 
from deposits because they are velocity devices. Layering or 
coating of the meter’s internals will change the velocity of 
the liquid flowing through the meter and cause the meter to 
tegister incorrectly. 

Temperature changes can affect the mechanical clearances 
of displacement meters, as well as the viscosity of the fluid 
being metered. This may result in changes in slippage. 


48.2.8.5 Electronic Equipment and 
Instrumentation 


Ail electrical and electronic equipment, such as counters, 
switches, interconnecting cables, and grounding cables, shall 
be periodically inspected for condition and for proper instal- 
lation and operation. Operating procedures may require 
special permission or permits before equipment is connected. 

A counter may miss some of the pulses generated by the 
meter, in which case the counter will read low. Counting too 
few pulses is usually caused by setting the sensitivity control 
on the counter too low, or by an electrical fault which has 
developed. By adjusting the sensitivity control or by elimi- 
nating the electrical fault, the trouble can usually be 
corrected, 

A counter may include signals from outside sources as 
pulses. These signals, not generated by the meter, will cause 
the counter to read high. Signals not generated by the meter 
can originate from electrical power supplying the counter, 
electrical welding equipment, radio ransmitters, and so 
forth. These pulses may be intermittent and difficult to 
detect. See API MPMS, Chapter 5, Section 5. 

Signal transmission cables should be kept as far away 
from power cables as possible and should cross power cables 
at tight angles. Shielded signal transmission cable is 
normally grounded only at the mstrument-receiving end to 
prevent a ground loop (current that travels along the shield 
and adversely affects the signal transmission). 


4.8.2.8.6 - Flow Rate Variations 


Meter performance is dependent upon flow rate; thus, 
flow rate during proving shall be maintained at or near the 
normal operating flow rate. 


4.8.2.9 METER REGISTRATION (HEAD) CHECK 


Compare the meter register (indicated volume) to the 
proving-counter registration. This can be done by manually 
gating (starting and stopping) a prover counter connected to 

” the transmitter, based on a significant volume registered by 
the meter counter or register. The pulses displayed on the 
prover counter are then compared to the volume displayed 
on the mechanical register. If the meter generates 8400 
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puises per barrel, the prover counter should show approxi- 
mately 84,000 pulses for each 10 barrels on the register. 


4.3.2.10 FREQUENCY OF METER PROVING 


The frequency required for proving varies from several 
times a day to twice a year or even longer depending upon 
the value of the liquid, cost/benefit to prove, meter proving 
history, meter system stability, and variations of operating 
systems. 

For large volumes or different liquids, a permanently 
instalied prover is normally used. The meters should be 
proved whenever the flow rate, temperature, pressure, APT 
Gravity (relative density), or viscosity changes significantly. 
Normally, time or volume is used to determine when the 
meter should be proved. 

When metering a single or similar liquid, the meter factor 
is normally applied forward to the meter’s indicated volume 
until the meter is reproved. Normally, there is a prescribed 
deviation limit between consecutive meter factors on the 
same or similar liquid. When this deviation limit is 
exceeded, the previous and the new meter factors are 
normally averaged and applied to the indicated volume 
during this period. If the deviation limit is consistently 
exceeded, it may be appropriate to reduce the interval 
between meter proving. It may also be appropriate to inspect 
and repair the meter and the proving system. 

When batching operations permit, a new meter factor 
should be determined for each batch. This applies to 
batching operations involving different liquids or lengthy 
down time. When a meter is proved during a batch, the meter 
factor should be applied forward until the meter is reproved 
during the batch. If the meter is reproved during the batch, a 
deviation limit may be installed between consecutive meter 
factors, or the meter factors may be averaged. When this 
deviation limit is exceeded, the previous and new meter 
factors are normally averaged and applied to the meter’s 
indicated volume between these provings. If it is impractical 
to prove each batch, meter factors are normally applied 
forward until the next proving, as is the case with 
nonbatching operations. 

The proving frequency for new systems should start at 
short intervals and be extended to longer intervals as confi- 
dence increases in the system. See API MPMS Chapter 13.2 
for statistical evaluation of meter proving data. 


PROVER RECALIBRATION 
FREQUENCY 


Typically a prover’s base volume is originally certified at 
the manufacturer site by the water draw method in the pres- 
ence of the purchaser and other interested parties. Prover 
volumes may change as the result of worn or faulty detector 
switches; the reduction of internal coating thickness; or loss 
of internal material due to oxidization, abrasion, or the accu- 
mulation of foreign material (such as wax) buildup. Subse- 
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quent calibration is required whenever a change in base 
volume could have occurred. 

Six considerations determine how frequently a prover 
should be recalibrated. They are usage, time, calibration 
history, calibration cost/benefit, contractual requirements, 
and value of the metered liquids. Usage causes wear, and 
time contributes to deterioration of the prover. 

For the recommended procedure for calibrating a prover, 
refer to API MPMS Chapters 4 and 12.2. Recalibration of 
provers should occur when any one of the following condi- 
tions exist: 


a. Alterations or repairs which affect the certified volume are 
made to the prover. 
b. A meter control chart indicates a change in prover 
volume. 
c, The maximum interval indicated below has elapsed. 
1. Three years for small volume provers and mobile 
provers. 
2. Five years for permanently installed pipe provers. 
3. Five years for permanently installed tank provers. 
4, Three months for master meter provers. 


‘The prover displacer and the inside surface of the prover 
should be inspected periodicatly. The surface of a sphere or 
the contact edge of a piston cup or seal may indicate the 
internal condition of the prover. If these surfaces or edges 
are scored or worn, this may indicate that the prover 
requires further inspection or repair and may require recal- 
ibration. 


4.8.2.12 FILLING AND PRESSURING THE 
PROVER 


This section refers to conventional pipe provers, small 
volume provers, and master meter provers. This section does 
not pertain lo tank provers, which are covered in 4.8.5.4. 

After checking that end closures and any openable 
fittings are properly fastened and that all vent and drain 
valves are closed, proceed with filling the prover in the 
following sequence: 


a. Partially open the prover isolation valve to fill the prover 
slowly. 

b. Observe the system for leaks. Wait until the system is 
complotely filled and the connections have becn shown to be 
Icak-tight. Verify the seal integrity of all vents, drains, 
reliefs, and all double block-and-bleed valves. 

¢. Open the vents to allow discharge of air/gas when the fluid 
is admitted into the prover, 

d. Fully open the prover inlet and outlet valves. 

e, Close the valve to divert all flow through the prover. 

f. Operate the prover and continue to vent the high points 
until no air is observed. 

g. Close the vents when air or vapor is no longer observed, 
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4.8.2.13 CERTIFICATION 


Verify that the prover has a valid calibration certificate 
and that the certificate is for the prover being used, by veri- 
fying the prover serial number with the serial number on the 
certificate. If a conventional pipe prover is being used, check 
to ensure that the prover volume between detectors is suffi- 
cient to accumulate a minimum of 10,000 pulses. If not, 
pulse interpolation techniques are required. Since some 
provers have more than one calibrated volume, verify that 
the proper calibration certificate is being used. 

Ta tank prover is used, verify that the prover volume is 
equal to a minimum of one minute of the maximum oper- 
ating flow rate, See API MPMS, Chapter 4.4. 

If a master meter is used, all data that is used to develop 
the master meter factor(s), including the prover calibration 
report, certificate, and master meter factor(s) reports should 
be available. 

If a small volume prover is used, verify that the interpola- 
tion system has a valid and current calibration certification. 
Refer to API MPMS, Chapter 4, Sections 3 and 6. 


4.8.3 Conventional Pipe Provers 


4.8.3.1 PRINCIPLE OF OPERATION 


The basic principle on which the pipe prover operates is 
shown in Figure 3. A sphere or piston known as a displacer 
is installed inside a specially prepared length of pipe. When 
the prover is connected in series with a meter, the displacer 
moves through the pipe and forms a sliding seal against the 
inner wall of the pipe so that it always travels at the same 
speed as the liquid flowing through the pipe. 

Tn some conventional provers, the displacer is a piston with 
elastomer or plastic seals. However, in most conventional 
provers, the displacer is an elastomer sphere. To provide good 
scaling, the pipe bore must be smooth, 

At two or more points in Figure 3, there are devices known 
as detectors fixed 10 the pipe wall. These detectors emit an 
electric signal when the displacer reaches them. The signal 
from the first detector switch is used to start the electronic 
counter, which accumulates pulses from the meter. When the 
displacer reaches the second detector, its signal stops the 
proving counter, The number of pulses shown on the proving 
counter is the total pulses generated by the meter whilc the 
displacer was travelling between the two detectors. Conven- 
tional pipe provers (both bidirectional and unidirectional) are 
those that have a volume between detectors that permits a 
minimum aceuluation of 10,000 direct (unaltered) pulses from 
the meter. Thus a unidirectional prover typically accumulates 
a minimum of 10,000 pulses per proving run, and a bidirec- 
tional, prover Lypically accumulates a minimum of 20,000 
pulses per proving run. Direct (unaltered) pulses include those 
that are the output of high frequency pulse generators, consid- 
ered to be a “part of the meter. It should also be noted that 
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Figure 3—Calibration Section of Pipe Prover 


there ate occasions when 10,000 pulses cannot be accumu- 
lated during proving passes. This may occur because of a 
change or a constraint in operating conditions. Agreement 
between parties to use less than 10,000 pulses per proving pass 
is required in these instances. 


4,.8.3.1.1 


A prerun (or run-up) length of pipe is essential. This 
length is the distance between the entry of the displacer and 
the first detector switch of sufficient length to give the valve 
time to close and seal before the displacer reaches the 
detector. This type of prover must never be used at more than 
its rated flow rate, or this prerun length may not be adequate. 
As an alternative, some provers are provided with mechan- 
ical means of holding the displacer near the beginning of its 
travel until the valve is fully seated; by this means the prerun 
length can be shortened considerably. 


Prerun Requirements 


4.8.3.1.2 The Bidirectional Conventional Prover 


Bidirectional provers can use either a sphere or a piston as 
adisplacer. Spheres are more commonly used because they 
will go around bends, and the prover can be built in the form 
of a compact loop, as in the example shown in Figure 4. 

A four-way valve is normally used to reverse the flow 
through the prover. The sphere in Figure 4 is shown in the 
position that it occupies at the end of a proving run. The 
sphere will start to wavel on its reiurm pass when the 
four-way valve begins to reverse the flow, but it will not 
reach its full speed until the movement of the four-way valve 
is complete. 

Displacer detectors are never quite symmetrical in their 
operation, and consequently the effective calibrated volume 
when the displacer travels between detector 1 and detector 2 
will not be quite the same as when the disptacer travels 
between detector 2 and detector 1. The calibrated base 
volume of the prover is the sum of both directions and is 
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termed the round trip volume, The prover counter totals the 
pulses collected in both directions. 


4.8.3.1.3 The Unidirectional Conventional Prover 


A unidirectional prover is shown in Figure 5. It uses a 
sphere displacer and sphere interchange. The sphere inter- 
change is for recciving, holding, and launching the sphere. 
After falling through the interchange, the sphere enters the 
flowing stream of liquid and is swept around the loop of 
pipe. At the end of its pass, the sphere enters the sphere 
transfer valve, where it lies until the next proving pass. The 
calibrated base volume of the prover is the one-way volume 
between the detector switches. 


4.8.3.2. EQUIPMENT DESCRIPTION 


4.8.3.2.1 Detector Switches 


The detectors fitted to a pipe prover are highly sensitive 
devices. The most commen type of pipe-prover detector 
switch uses a ball-end steel plunger, which projects through 
the wall of the pipe a short distance. When the sphere makes 
contact, it forces the plunger to actuate the switch. Replace- 
ment procedures must conform with manufacturers’ recom- 
mendations. 

Replacing a detector switch may change the prover 
volume. Replacement or adjustment of detector switches on 
bidirectional provers is less critical than on unidirectional 
provers. The decision to recalibrate a bidirectional prover 
should be made on a case-by-case basis. When a detector is 
replaced or adjusted on a unidirectional prover, recalibration 
should occur at the earliest possible opportunity. A record 
should be kept of the time and date of the replacement. 


4.8.3.2.2. Prover Displacers 


The majority of pipe prover displacers are hollow spheres 
made of an oil resistant elastomer such as nitrile, neoprene, 
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or polyurethane. These displacers are fitted with an inflation 
valve, or valves, and are intended to be inflated with water or 
glycol to a diameter which maintains an effective seal in the 
prover hore without creating excessive sliding friction. The 
manufacturer will usually specify the amount (typically 
between 2 and 4 percent) by which the sphere diameter 
needs to exceed the pipe bore. Small bore provers may 
employ a sphere made of solid elastomer. 

Spheres should not be stored in an inflated condition ona 
flat surface. They should either be suspended in a net or 
supported by a hollowed-out bed of sand to prevent the 
development of a flat spot, 

Ifa piston is used as a displacer it may be fitted with cup- 
type seals, especially in older provers. In many of the 
modern piston provers, the seals are made of teflon with 
stainless steel backup rings. 


48.3.3 INSPECTION 


The internal surfaces should be inspected for coating fail- 
ures, adhesions (any foreign material build-up on the internal 
surface), or corrosion that would change the calibrated 
volume of the prover. If the prover is internally coated, the 
lining should be checked for coating wear or failure which 
would cause the calibrated volume to increase. The most 
likely location for such failures will be in the elbows. 

The displacer should be removed from the prover and 
examined at the intervals prescribed by the manufacturer or 
by the operating company. The sphere or seals should be 
inspected and replaced if there is any sign of mechanical 
damage or of softening by chemical action. Spheres should 
also he inspected for roundness and proper inflation. This is 
done with either a sizing ring supplied by the manufacturer 
or a lape measure. 

A piston prover displacer may be subjected to a leak test. 
This may be done by positioning the displacer so that its 
seals straddle a pressure tap in the prover wall where a bleed 
valve is located so pressure may be applied between the 
seals, Pressure may also be applied through the body of the 
piston to the seal area. Other means for checking scal 
leakage may be provided by the prover manufacturer. 


4.8.3.4 PREPARATION 


Examples of meter proving forms are shown in Figures 6 
and 7. Other forms or documents may be required before 
proving is started. Refer to API MPMS, Chapter 12.2 for 
meter factor calculation requirements, 

Check that end closures and any openable fittings are 
properly fastened and that all vent and drain valves on the 
prover are closed. Proceed with filling the prover as follows: 


a. Partially open the prover inlet valve to fill the prover 
slowly. 

b. Observe the system for leaks. Wait until the system is 
completely filled and the connections have been shown to be 


leak-tight before fully opening the prover inlet valve. 

¢, Open vents to allow discharge of air or vapor when fluid 
is admitted into the prover. 

d. At this point the prover outlet valves may be safely 
opened. 

¢. After all the connecting valves are fully opened, the meter 
divert valve between the prover inlet and outlet valves may 
then be closed. 

f. Operate the prover displacer at least one proving cycle and 
vent the high points. The vents should be checked repeatedly 
until it is certain that no vapor remains in the prover. 

g. Verify the seal integrity of all vents, drains, reliefs, and 
double block-and-bleed valves between the meter and the 
outlet of the prover. 


4.8.3.5 OPERATING PROCEDURES 


Maintain the flow through the proving system until stable 
conditions of pressure, temperature. and flow rate oxist. 
Once stability is achieved, proving operations may proceed, 

Determine the actual flow rate on the first pass of the 
displacer and make spot checks thereafter. Determine the 
meter temperature and pressure during each pass of the 
displacer. When using a bidirectional prover, record the 
meter temperature and pressure, using the average of read- 
ings taken for each pass of any given round trip. 

Using both inlet and outlet thermometers and pressure 
gauges, determine the average prover temperature and pres- 
sure during each pass. The average prover temperature and 
pressure is recorded on a round trip basis in the case of a 
bidirectional prover. 

If using a bidirectional prover, record the reading of the 
prover counter at the end of each round trip of the displacer. 
For a unidirectional prover, record the reading of the prover 
counter at the end of each pass of the displacer. 

Repeat the proving operation until the required minimum 
number of proving runs (per agreement between partics) are 
attained. As a measure of repeatability, the range of the 
proving set is determined as follows: 


Range of Repeatabitiry = Maximum Value — Minimum Vatue og 
Minimum Value 
Assess the repeatability of the set of results, and if neces- 
sary carry out additional runs in an attempt to gain the required 
Tepeatabilily. If suitable repeatability is not obtained, discon- 
jinue the proving operation and refer to Appendix B. 


483.6 ASSESSMENT OF RESULTS 


One common practice is Lo require a minimum of five 
consecutive runs that agree within a range of 0.05 percent. 
Another common practice requires a minimum of five out of 
six consecutive runs that agree within a range of 0.05 
percent. For low volume locations including some LACT 
units, a minimum of three consecutive runs that agree within 
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Meter No. 292 
Owner and/or operating company: 


RepartNo. 3 Date: 
DP &G PETROLEUM PIPELINE COMPANY 


DECEMBER 20, 1994 


Location of meter being proving: BELL RECEIVING STATION Totalizer: 897665 
Meter, S/N AK-12345 Size: 4 inch Type. TURBINE Model: BM-4444 
Last overhaul date: 10/20/84 Old Seals: 456789 & 456790 New: 457201 & 457202 

Prover calibration date: JULY 4, 1994 Prover Calibration Certificate No. 200007 


Small Volume Prover (serial number) SP-5555 Small Volume, Single Wall, Unidirectional 12”, External Detectors 


Prover outside diameter = >>>>> 14.000 OD (inches) APlobs 45.8 Product 
Prover inside diameter Peper 12.250 ID (inches) Tobs 80.0 JET FUEL 
Prover wail thickness PEpp> 0.875 WT (inches) APIb 44.0 
Pass Whole Seconds Seconds Pulses Interpolated Flowrate Pulses/Gal. 
No. Pulses of pulses perpass persecond Pulses Gross Gross 
N Time 1 Time 2 Frequency N' GPM K Factor 
1 377 1.21005 1.27121 311.557 377.36 747.32 25.014 
2 378 1.21353 121127 311.488 377.30 747,28 25.010 
3 378 V21363 0 .2NBT 911.462 377.30 747 22 25.010 
4 377 1.21030 121123) 911.493 377.29 747.31 25.009 
5 377 1.21030 1.21125 = 311.493 377.30 747,29 25.010 
Pass Interpolated Pulses Temperature in degrees F Pressure in psig 
No. per Proving Run/Pass Tp Tm Pp Pm 
1 377.38 75.9 75.4 115 104. 
2 377.30 75.9 76.5 115 104. 
3 377.30 76.0 75.5 115 104. 
4 377.29 76.1 75.5 115 104. 
] 377.30 76.1 75.8 115 104 
Average data per run poeere> 377.31 76.0 75.9 116 104 
Test range percent (%} 0.019 75.0 = Temperature of Invar Rod 
Nominal K Factor DDoR>>> 25.000 NKF = Pulses per Indicated Unit Gallon 
BASE PROVER VOLUME 15.086 BPV = Prover Volume @ 60 deg. F & 0 psig 
CTSp 17-4 1.0002 Ga = = -0.0000120 Gl = 0.0000008 / deg F 
CPSp Stainless Steel 1.0001 E = Modulus of Elasticity E = 28500000 
CTLp 0.9918 Tables 5B & 6B, API Standard 2540 
GPLp 1.0007 "Fp'factor from 11.2.1 (Pe = 0) = 0.00000614 
CCFp 0.9928 _CCFp = (CTSp * CPSp * CTLp * CPLp) 
GROSS STANDARD VOLUME 14.977 GSVp = (BPVp ‘ CCFp) 
INDICATED VOLUME OF METER 15.092 Vm = N'avg / NKF 
¢cTLm 0.9921 Tables SB & 6B, API Standard 2540 
CPLm 1.0006 "Fm" factor fram 11.2.1 (Pe = 0} 0.00000613 
ccrm 0.9927 CCFm = (CTLm* CPLm) 
INDICATED STANDARD VOLUME 14.982 |S¥m= (IVm *CCFm) 
METER FACTOR 0.9997  @ Flow rate of =. 747 Gallons per Minute 
K FACTOR 25.008 Pulses per Gallon 
CPL @ Nornal Pressure Composite M Factor = 1.0004 
of110 = psig = 1.0007 Composite K Factor = 24.991 
Meter Proving History Bpee> Date Meter Factor GPM APIb Degrees F psig 
Initial MF 1 BPD>> 08/20/94 1.0002 770 44.2 74.5 102 
Previous 4 2R>>> 11/20/94 0.9991 732 444 78.0 110 
Current Ss >>p>> 12/20/34 0.9997 747 44.0 76.5 104 
Remarks & history >>>>> Mater overhauled on October 20, 1994 before the initial proving 
Initial to Current MF paP>> Long-term change percent (%) since the initial proving -0.05 
0.05 
Previous to Current MF = >>>>> Short-term change percent (%) since the last praving +0.06 
Signed by: 


Figure 7—Meter Proving Report With Pulse Interpolation 
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arange of 0.5 percent may be required. Alternative methods 
are described in Appendix A. 

The evaluation of repeatability of the proving data is 
normally performed with raw meter pulses. If conditions 
cannot be held constant, it may be necessary to compare the 
range temperature compensated raw pulses or meter factors 
for each run. This is particularly true when proving LACT 
displacement meters cquipped with mechanical temperature 
compensators where the temperature varies during the 
proving process, 

If the repeatability of the meter runs is unacceptable, it is 
recommended to implement another series of runs. If the 
repeatability of a second set is within the prescribed range, 
this set of results may be used. If the repeatability remains 
unacceptable, it is necessary to stop proving and look for the 
cause of the problem. 

A common practice is to limit the change in consecutive 
meter factors of proving periods to +0.25 percent or less. This 
js a measure of reproducibility and is determined as follows: 
New Meter Factor — Old Meter Factor 

‘Old Meter Factor 

Changes in the linearity of the historical meter factors over 
time is also a good check for prover functioning. Historical 
meter factor data should be maintained and is best assessed by 
kecping a control chart which is a graph of meter factor plot- 
ting against the dates of tests. A specimen control chart is 
shown in Figure 8, Sce also API MPMS, Chapter 13.2. 


Range of Reproducibility = 200 


1,0050 ;— a aE! 
Individual set MF's 
1.0040 [- 
1.0030 [— 


1.0020 [— 


1.0010 Le 


48.3.7 TROUBLE-SHOOTING 


To help operators evaluate a system more quickly, the 
experience of a number of prover operators has been 
compiled in Appendix B. 

Common problems are listed, as well as the usual causes 
and the typical methods of solving each. The guide contains 
tables which give the corrective action needed to rectify the 
fault once its cause has been ascertained. 


4.8.4 Small Volume Provers 


4.8.4.1 PRINCIPLE OF OPERATION 


Small volume provers have a volume between detectors 
that does not permit a minimum accumulation of 10,000 
direct (unaltered) pulses from the meter. Small volume 
provers require meter pulsc-interpolation techniques to 
increase the resolution (sce API MPMS, Chapter 4.6). 

This high resolution pulse determination permits the 
volume between detector switches to be substantially less ina 
small volume prover than would be permitted in a conven- 
tional pipe prover. Typical small volume provers are illustrated 
in Figures 9, 10, and 11. Additional information on small 
volume provers is contained in API MPMS, Chapter 4.3. 

Since the volume of a small volume prover is less than a 
conventional pipe prover, high-precision detectors are 
normally used with pulse-interpolation techniques. Double 
chronometry pulse-interpolation is a method of counting a 
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Figure 8—Control Chart for Individual Meter Factors 
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series of whole meter pulses and multiplying by the ratio of 
the time between the detector switches and the time to accu- 
mulate the whole meter pulses. 

Pulse interpolators are electronic devices that allow a 
meter pulse resolution to at Icast onc part in 10,000. They 
perform best with meters whose pulses are emitted 
uniformly. This method results in a calculation of meter 
pulses to a discrimination of at least 1 part in 10,000. 


4.8.4.2 EQUIPMENT DESCRIPTION 

Small volume provers may he of any configuration to 
include bidirectional or unidirectional sphere or piston 
provers such as shown in Figure 12. 


4.84.21 


Pulse interpolators are electronic devices that allow a meter 
pulse resolution to at least one part in 10,000, They perform 
best with meters whose pulses are emitted uniformly. Pulse 
interpolation is described in detail in API MPMS, Chapter 4, 
Section 6. 


Pulse Interpolators 


4,.8.4.2.2  Prover Displacers 


Small volume prover displacers may be either sphere or 
piston type. Piston displacers typically have dual hollow ring 
seals made of teflon with stainless steel backup rings. Sphere 
displacers are typically nitrile, neoprene, or polyurethane and 
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Figure 12—Small Volume Prover Automatic Computing System 
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are fitted with inflation valves. See Figure 13 for a System 
Overview of a Unidirectional Sphere Displaccr. 


48423 Detector Switches 


The detectors along with the pulse interpolation clec- 
tronics are the most critical elements of a small volume 
prover. Special designs may be used, for example optical, 
and most are relatively delicate. When the prover uses 
optical detector switches, they must be protected from any 
external light source during operation. Any outside source of 
light can have a detrimental effect on proving results. For 
other types of detector switches, see 4.8,3.2.1, 


4.8.4.3 INSPECTION 

Seal integrity should be periodically verified since any 
leakage has a significant effect on proving results. To 
perform a seal integrity test, refer to the manufacturer’s 
recommendations. 


4.8.4.4 PREPARATION 


An example of a meter-proving form was shown in 
Figure 7. Other meter proving reports are shown in Figures 
14 and ES, Other forms or documents may be required 
before proving is started. Refer to API MPMS, Chapter 12.2 
for meter factor calculation requirements. 


4.8.4.5 OPERATING PROCEDURES 


Operate the proving system until stable conditions of pres- 
sure, temperature, and flow rate exist. Once stability is 
achieved, proving operations may proceed as follows, 

Determine the actual flow rate on the first run of the 
displacer and make spot checks thereafter. Determine the 
meter temperature and pressure during each pass of the 
displacer. Record the average pressure and temperature of 
each valid run and average them all. 

Assuming the prover is equipped with both inlet and 
outlet thermometers and pressure gauges, determine the 
average prover temperature and pressure during each pass. 
The average prover temperature and pressure is recorded on 
a round trip basis in the case of a bidirectional prover. 

If the prover is equipped with only one thermowell, the 
thermowell should be located at the prover outlet. Determine 
the prover temperature during each pass of the displacer and 
record the average during each pass of a bidirectional prover. 

In the case of a bidirectional prover. record the reading of 
the prover counter at the end of each round trip of the 
displacer. For a unidirectional prover, record the reading of 
the prover counter at the end of each pass of the displacer. 

Repeat the proving operation until the required minimum 
number of proving runs (per agreement between parties) are 
attained. As a measure of repeatability, the range of the 
proving set is determined as follows: 

Maximum Value — Minimum Value 
Minimum Value 


Range of Repeatability = x 100 


Assess the repeatability of the set of results, and if neces- 
sary catry out additional runs in an attempt to gain the 
required repeatability. If suitable repeatability is not 
obtained, discontinue the proving operation and look for the 
cause of the trouble listed in Appendix B. 


4.84.6 ASSESSMENT OF RESULTS 


For common practices refer to Section 4.8.3.5. Flowme- 
ters that have a non-uniform pulse output such as displace- 
Tent meters with mechanical gear-driven pulsers may 
Tequire averaging groups of prover passes and comparing the 
repeatability between the group averages. Refer to APT 
MPMS, Chapter 4, Section 6, and to Appendix A. 


4.84.7 TROUBLE-SHOOTING 


To help operators find faults in a system more quickly, the 
experience of a number of prover operators has been 
compiled in Appendix B. 

Common problems are listed, as well as the usual causes 
and the typical methods of solving each. 

Finally, the tables in the guide gives the corrective action 
needed to rectify the fault once its cause has been ascer- 
tained. The prover manufacturer’s trouble-shooting guide 
should be referred to for any problems that may relate to the 
specific make or prover being used, 


4.8.5 Tank Provers 


4.8.5.1 PRINCIPLES OF OPERATION 


A tank prover is a calibrated vessel used to measure the 
volume of liquid passed through a meter. The known volume 
of the tank prover is compared to the meter’s indicated volume 
to determine the meter factor or meter accuracy factor. 

Tank provers are not recommended for viscous fluids. It is 
suggested that a displacement-type master meter and a pipe 
prover he used with viscous products. 


4.8.5.2 EQUIPMENT DESCRIPTION 


A tank prover is an open or closed volumetric measure 
that generally has a graduated lop neck and may have a grad- 
uated bottom neck. The volume is established between a 
shutoff valve or bottom-neck graduation and an upper-neck 
graduation 

The two basic types of tank provers are the open type 
{atmospheric pressure), and the closed type (pressure 
containing). Both of these come in a variety of configurations 
to meet the needs of the service required. Refer to Figures 16 
and 17 which illustrate the types referred to previously. 


4.85.3 INSPECTION 


Inspect the prover tank for any dents that arc not recorded 
on the calibration certificate, any foreign objects or clingage 
inside the tank, or failure of an internal coating that would 
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METER DATA 


LOCATION TENDER Liqui "AP! DATE AMBIENT TEMP, REPORT NO. 
do 


‘SERIAL NO. METER NO. PULSESibbI [reve COMPENSATED: MANUFACTURER SE 


MODEL 


PREVIOUS REPORT NO. 


DATE 


FLOW RATE NON-RESET COUNTER: | FLOW RATE FACTOR 
| wblt 


- 
MASTER METER DATA 


SIZE. MODEL. ‘SERIAL NO. 

1 | CLOSING READING, bbis/gats 
2 | OPENING READING, bbisigais 7 
9. | INDICATED VOLUME {LINE 1 - LINE 2) 
ra TEMPERATURE AT METER, °F 
5 i PRESSURE AT METER, poig - 
& | MASTER METER FACTOR: 
71G | 
ely > 

a 


9 | CCF (LINE 6 « UNE? x LINES) 


4D | CORRECTED PROVER VOLUME (LINE 3 x LINE #) _s 


PROVED METER DATA 


11 | CLOSING METER READING, bbisygais 


12 | OPENING METER READING, bbis/gals 


18 | INDIGATED VOLUME (LINE 11 — LINE 12} 


“ | TEMPERATURE AT METER, * F 
+ 


15 | PRESSURE AT METER, psig 


18 | ce 


wl] 


18 | CCF (LINE 16 x LINE 17) 


19 | CORRECTED METER VOLUME (LINE 13 x LINE 18) 


b oh 
20 | METER FACTOR (LINE 10 + LINE 18) 


te 
METER FACTOR is Coan tee Saeclatiad 
PRESSURE AT METERING; = — USE FOR CONST 
(AVEnAGe VALUE) | CONDITIONS a PRESSURE APPLICATION | 
SIGNATURE DATE | COMPANY REPRESENTATIVE 


Figure 14—Meter Proving Report for Master Meter Method 
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LOCATION TENDER uquID 


| DATE AMBIENT TEMP. REPORT NO. 


PROVER DATA 


PREVIOUS AEPORT NO. 


NOMINAL VOLUME AT 60°F AND "0" psig. 


‘SERIAL NO. 


FLOW RATE 


g 
ml 


gavbbl 


bolt 


METER DATA, 
—_ 


SERIAL NO. METER NO. 


TEMP. COMPENSATED. 


MANUFACTURER 


BIZE 


QO yes 


Ono 


FLOW RATE. NON-RESET COUNTER 


REMARKS. REPAIRS, AQJUSTMENTS. ETC. 


RUN NO. 1 


RUN NO. 2 RUN NO. 3 RUN NO. 4 


DELIVERY TO TANK, gairobts, 


TANK TEMPERATURE (AVERAGE) "F 


Cw 


Cy 


COMBINED CORRECTION FACTOR (LINE 3 x LINE 4) 


CORRECTED PROVER VOLUME (LINE 1 x LINE §) 


pop fj jf fj | 4 


FINAL METER READING 


INTIAL METER READING. 


INDICATED VOLUME BY METER, bbim (LINE 7 - LINE 8) 


_t 


| 


INDICATED VOLUME BY METER, gaia (LINE 7 - LINE 6) OF (42 * LINE 9} 


TEMPERATURE AT METER, 'F 


PRESSURE AT METER, paig 


Gy USE 1.000 IF TEMP. COMPENSATED 


CCF (LINE 13 x LINE 14) 


(CORRECTED METER VOLUME (LINE 10 x LINE 13) 


METER FACTOR (LINE @ + LINE 18) 


| 


METER FACTOR 


(AVERAGE VALUE) 


x 


[I 
JUQUID CORRECTION FOR 


PRESSURE AT METERING 


i 


= PRESSURE APPLICATION 


arene | 


COMPOSITE FACTOR 
= USE FOR CONSTANT 


SIGNATURE 


DATE 


COMPANY REPRESENTATIVE 


a 


Figure 15—Meter Proving Report for Tank Prover Method 
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Sealing wire and seal % Ee eee dome (optional) 


Gaugo glass and scale —~. 0.5 percent of prover volume 


Calibrated volume 
0.5 percent of prover volume 


Overlapping gauge glasses. 
Temperature sensor 


Swirl plate (optional) Cone bottom, dish bottom (optional) 


Altemate gauge-glass zero design 
for bottom of tank 


Gauge glass 


Bottom inlet (optional) - 


Bottom valve must be in vertical line Location of 


0.5 parcant of 


starting 1 4 
Check drain level (optional) ees 
St ‘Drain for calibration gurposes 
Discharge and for zaraing liquid level 


inlet for discharge 


Figure 16—Open Stationary Prover Tank (Drain-to-Zero or Bottom Gauge-Glass Type) 


Rellef valve 
sr 


Spray line and nozzle (optional) ——_,. 4 


Pressure gauge must be above top of gauge glass 
Vapor recovery system pee Bn see g 


connection (optional) 
0.5 percent prover volume 
Sealing wire and seal C= 


Calibrated volume 
Gauge glass 


Gauge scale 0.5 percent prover volume 


Temperature sensor ——- 
7 Temperature sensor 


Overlapping gauge glasses 
Swirl plate (optional) 


Cone bettom, dish bottom (optional) 


Flanged for cleanout (optional) 


Sealing wire and seal 


eas 0.5 percent of tank bottom 


[~~~ Gauge glass 


Gauge scale 


Inlet or discharge 


Figure 17—Closed Stationary Tank Prover 
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have an effect on the calibrated volume of the prover tank. 
Verify that the gauge scales are sealed. Also check for a 
current and valid calibration certificate. 


4.8.5.4 PREPARATION 


Examples of meter proving forms were shown earlier in 
Figures 6 and 7. Other forms or documents may be required 
before proving is started. Refer to APE MPMS, Chapter 12.2 
for meter factor calculation requirements, 

Check that all connections are properly made and isola- 
tion/diyerter valves are properly aligned. Verify the integnty 
of all vents, drains. reliefs, and double block-and-bleed 
valves between the meter and the prover. Proceed with the 
preparations as follows: 


a. The initial step prior to the first proof run is to wet down 
the prover tank. Fill the tank with metered liquid. Check the 
level indicators on the tank. Then empty the tank. 

b, If the tank is equipped with a lower-gauge glass, close the 
main drain valve just prior to the liquid level reaching the 
zero mark. Allow a minimum of 30 seconds drain down time 
(or that which is stated on the calibration report); then using 
the small drain valve, drain the liquid to the zero mark. 
Whatever drain time is allowed after closing the main drain 
valve and drawing the liquid down to zero must be used on 
all subsequent proof runs. 

c, If the tank is not equipped with a lower-gauge glass, leave 
the drain valve open until continuous flow ceases and drip- 
ping starts. The drip should be allowed to continue for a 
minimum of 30 seconds {or that which is stated on the cali- 
bration report) before closing the drain valve. Whatever drip 
time allowed between flow cessation and closing the drain 
valve must be used on all subsequent proof runs. 

d, When reading gauge glasses, read the bottom of the 
meniscus for transparent liquids and the top of the meniscus 
for opaque liquids. 

e. If the system has vapor recovery, the vapor recovery 
should have makeup gas or must be disconnected prior to 
emptying the prover so that air can enter the prover and 
prevent a vacuum that could damage the prover. 


4.8.5.5 OPERATING PROCEDURES 


There are two unique features of an open tank prover. The 
first is that vapor is allowed to escape (evaporate) from 
within the tank as the tank is filled, If a vapor recovery 
system is used during normal metering operations, consider- 
ation should be given to operating the vapor recovery system 
during the meter proving. 

The second unique feature is that the meter is operated 
from as stop-run-stop condition. Thus the meter experiences 
a static-to-dynamic and back-to-static cycle of operation. 
This method of operation depicts normal operating condi- 
tions of the prover/meter system. 

It is important to use consistent tank prover operating 


techniques without interruption te obtain satisfactory 
repeatability between consecutive proof runs. Flow rate 
through the meter during the proof runs should replicate the 
operating conditions during normal use. 


a. Using a tank prover report or worksheet record the appro- 
priate meter, tank, and flow data as indicated in the meter 
factor calculation section of API MPMS, Chapter 12.2. 

b. Record the meter register, or zero the proving counter if 
one is being used. Record the reading of the prover tank’s 
bottom gauge glass, if so equipped. These become the 
opening readings for this proving run. 

¢. Start the flow through the meter into the tank, 

d. While the tank is filling, record the average meter temper- 
ature and verify that the meter js operating at the desired 
proving rate. 

c. Siop the meter flow when the liquid Icvel is within the 
upper gauge scale range. 

f. Record the prover tank temperature. If the tank has more 
than one thermometer, the recorded temperature is the 
average of all thermometer readings. 

g. Record the meter register or the proving counter reading 
and the prover tank’s upper gauge glass reading. These are 
the closing readings for this proving run. 

h. Calculate the meter factor for this run as outlined in APT 
MPMS, Chapter 12.2. This completes one proving run. The 
next proving run is initiated by draining down and zeroing 
the tank as just described, and then starting over with the 
steps described previously. 

i. At least two consecutive proving runs in which the meter 
factors agree within a 0.05 percent range are required. The 
average of these meter factors is the final meter factor. If an 
adjustment to the meter factor is made mechanically, that is, 
with a calibrator or mathematically, additional runs typically 
are made to confirm that the meter factor is correct. 

j- Upon conclusion of the proving operation, if a prover tank 
is a portable unit, isolate the prover from the flow stream; 
drain down; remove all connections made, and prepare the 
tank for removal from the site. If the tank is permanently 
located, isolate the prover from the flow stream; drain down; 
and place the tank in a protected idle mode. 


4.8.5.6 ASSESSMENT OF RESULTS 

Common practice is to require a minimum of two consec- 
utive runs that agree within a range of 0.05 percent. Tf the 
repeatability of the meter factor is unacceptable, it may be 
necessary to carry out additional proving runs, If the repeata- 
bility is within the prescribed range, these results may be used. 
But if the repeatability remains unacceptable, it is necessary to 
stop proving and look for the cause of the problem. 


4.85.7 TROUBLE-SHOOTING 


To help operators evaluate a system morc quickly, the 
experience of a number of prover operators has been 
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compiled in Appendix B. Common problems are listed, as 
well as the usual causes and the typical methods of solving 
each. The table also gives the corrective action needed. 


4.8.6 Master Meter Provers 


A proving operation is considered a direct proving when 
a meter is proved against a prover. Indirect proving is when 
a meter is proved by a master meter that has been proved by 
the direct method, 

Master meter proving is used when proving by the direct 
methad cannot be accomplished because of logistics, time, 
space, and cost considerations. 

Satisfactory results can be achieved by using the master 
meter method; however, the master-meter method introduces. 
additional uncertainties for the meter being proved. When 
practical, uncertainties may be reduced by proving the 
master meter under similar line-meter operating conditions 
prior to, during, or after proving the line meter. 


4.8.6.1 PRINCIPLE OF OPERATION 

A master meter is a meter selected, well maintained, and 
operated as a reference for the proving of another mater. The 
master meter factors should be linear over the expected 
range of operating conditions and shall have a history of 
consistent performance. 

The calibration of the master meter shall be performed 
under conditions similar to those expected during the line 
meter proving. A curve of master meter factors should be 
established over the range of flow rates to be encountered 
while preving a line meter. The meter factor applied to the 
master meter shall be the average of proof runs on a similar 
liquid and within 10 percent of the flow rates expected 
during the proving of the line meter. 

Either the standing start-and-stop or the running 


start-and-stop method of proving may be used, With the 
standing start-and-stop mcthod, the meter registration is read 
before and after the proving run with flow stopped to deter- 
mine indicated volume. With the running start-and-stop 
method, the flow is uninterrupted, and the proving counters 
must be simultaneously started and stopped. 


4.8.6.2. EQUIPMENT DESCRIPTION 


The master meter output/registration must not be mechan- 
ically temperature compensated. The master meter must not 
have a mechanical adjustor or calibrator between the primary 
element and the outpuvregistration. When proving 4 meter 
with a master meter, the same meter output and instrumenta- 
tion accessories must be connected to the master meter as 
were used when the master meter was proved to establish its 
meter factor. 

Typically, master meters are displacement or turbine 
meters because of the repeatability requirements of proving 
(see AP] MPMS, Chapter 4.5). 


4.8.6.3 INSPECTION 


Prior to the meter-proving operation the master meter 
prover and line meter to be proved shall be inspected to 
ensure proper operation. This inspection shall include, but 
not be limited to, the following steps: 


a. Ensure that all liquid flowing through the line meter to be 
proved, and only that liquid, passes through the master meter 
with no leakage or diversion between meters. Refer to Figure 
18 for an illustration of a master meter/line meter manifold, 
which permits the removal of either meter for calibration or 
servicing. Double block-and-bleed valves ensure that no 
leakage or diversion can occur either during proving or line- 
meter operation. 


O 


OX OX 


< 


© 
—-_ 


Note: 1, 2, 3 = double-block-and-bleed; 4, 5 « shut-cff valve. 


Figure 18—Typicai Master Meter Manifold 
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b. Verify that all temperature, pressure, and density measure- 
ment devices to be used during the proving operation are 
properly installed, recently calibrated or verified, and oper- 
ating within acceptable tolerances as stated in API MPMS, 
Chapters 7 and 12.2. 


c. All clectronic instrumentation such as counters, switches, 
and interconnecting wiring shall be inspected for proper 
installation and operation. Care should be taken to ensure 
that all electrical pulse transmission cable is properly 
shielded and grounded. 


d, Il is essential that a run of sufficient quantity be made to 
verify the ratio between the pulse transmitter and the meter 
register. See API MPMS, Chapter 4.5. 


4.8.6.4 PREPARATION 

Examples of meter-proving forms were shown earlier in 
Figures 6 and 7. Master meter calibration reports and curves, 
and other forms or documents may be required before 
proving is started. Refer to API MPMS, Chapter 12.2 for 
meter factor calculation requirements. 

The master meter should be installed as close as possible 
to the line meter to minimize temperature and pressure 
differences between the meters. The master meter normally 
is installed downstream of the line meter. The following 
steps should be taken: 


a. If the master meter has an electrical output, care should be 
taken to ensure all electrical equipment is properly grounded 
to prevent errors from electrical noise. 

b. If the master meter is permanently piped in a manifold 
with the line meter to be proved, the isolation valves should 
be opened and the flow directed through both meters. 

c. Before the meter proving is made, the two meters shall be 
operated at the desired flow rate for a period of time suffi- 
cient to purge the system of vapor and to achieve steady 
temperature, pressure, and flow rate. 


4.8.6.5 OPERATING PROCEDURES 


Each proving run shall be of sufficient volume to discrim- 
inate volume units to 1 part in 10,000. In the case of loading 
rack meters, each proving run should depict the start up, 
shutdown, and interim flow patterns of a normal loading. If 
electronic counters and high resolution meter transmitters 
are used to register metered volume, at least 10,000 pulses 
must be collected during the proving run. 

Once the proving operation is started, it should be carried 
to conclusion in a continuous process, without interruption 
or delay. The following steps should be taken: 


a, Using a work sheet or master meter proving report (see 
Figure 6), record the appropriate meter and flow data as indi- 
cated in the factor calculations section of API MPMS, 
Chapter 12.2, 


b. With flow through the meters, a proving rut is initiated by 
simultaneously gating both meter counters on. Mctcr 
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temperature and pressure are recorded for both meters during 
the proving run. Flow rate through the meters during the 
proving operation should be within 10 percent of the rate at 
which the line meter will operate. The flow rate must remain 
relatively stable for all proving runs entered in the meter 
factor calculation. 


c. After sufficient volume has passed through the meters, the 
counters are simultancously gated off. The indicated counter 
readings for the run are recorded. This completes one run. 


d. There are various ways of assessing whether the repeata- 
bility of a set of readings is acceptable. The repeatability 
should not exceed the limits agreed upon by all parties. In 
some circumstances, statutory authorities or government 
departments will set the limits for the range of a set of 
results. One method of conducting a proving is to make five 
consecutive meter proof runs within 0.05 percent. “Within a 
range of 0.05 percent” is defined as a value that does not 
exceed 0.05 when applying the following formula: 


Maximum Value - Minimum Value 
Minimum Valuc 

ce. Checks should be made during the proving to ensure all 
equipment is functioning properly and all test parameters are 
remaining within their constraints. 

f. Meter factor calculations shall be made as detailed in API 
MPMS, Chapter 12.2. An example “Meter Proving Report 
for the Master Meter Method” was shown in Figure 14. 


«100 


g. After completion of the proving operation, the masler 
meter should be isolated from the flow stream if the meter is 
permanently installed, or disconnected if the meter is 
portable. A master meter should not be on stream any longer 
than necessary for the proving operation. This precaution is 
to limit meter wear and resulting factor shift. 


h. Thermometers, pressure gauges, counters, and any other 
proving equipment that is not a permanent part of the mani- 
folding should be removed and stored until the next proving. 


4.8.6.6 ASSESSMENT OF RESULTS 


A common practice is to require a minimum. of two consee- 
utive runs that agree within a range of 0.05 percent. If the 
repeatability of the meter factor is unacceptable, it may be 
necessary to carry out additional proving runs. If the repeata- 
bility is within the prescribed rango, these results may be used. 
But if the repeatability remains unacceptable, it is necessary to 
stop proving and look for the cause of the problem. 


4.8.6.7 TROUBLE-SHOOTING 


To help operators evaluate a system more quickly, the 
experience of a number of prover operators has been 
compiled in Appendix B. Common problems are listed, as 
well as the usual causes and the typical methods of solving 
each. The tables give the corrective action needed. 
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APPENDIX A—ESTIMATING RANDOM UNCERTAINTY 


Chapter 13.1 of API MPMS states that the 95-percent level of statistical confidence is 
recommended for evaluating uncertainties associated with commercial applications of 
petroleum measurement. It is also stated that in certain limited circumstances, a different 
degree of (statistical) confidence may be required. 

The random uncertainty of the average value of a set of meter proving runs can be esti- 
mated in accordance with Chapter 13.1 at the 95-percent confidence level as follows: 


[95,0 - Dron] 
(¥n(a) 


a(MF) = random uncertainty of the average of a set of meter proving runs. 


a(MF) = 


495, 2-1) = student “t” distribution factor for 95 percent confidence level and n-1 
degrees of freedom (see Table 2 of API 13.1). 
Wq) =  tange of values (high minus low) in the meter proving set. 
n = number of meter proving runs. 
Da = conversion factor for estimating standard deviation for n data points (see 


Table 1 of API £3.1). 
For the common practice of five proving runs that agree within a range of 0.0005, the 
random uncertainty of the average of this set can be estimated as follows: 
a( MP) = (2,770}(0.0005) 
(¥5)(2.326) 
For meter proving sets of 3 to 25 proving runs, a variable range limit can be calculated 


that maintains the same random uncertainty in the average value of 5 runs that agree within 
arange of 0.0005. These variable range limits are as shown in Tables A-1 and A-2. 


0.00027 


27 
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Table A-1—Variable Range Criteria 
for +0.00027 Random Uncertainty in Average Meter Factor 


Number of Proving Runs, 2 Moving (Vartablc) Range Limit 


3 0.0002 
4 0.0003 
5 0.0005 
6 0.0006 
7 0.0008 
8 0.0009 
9 0.0010 
10 0.0012 
VW 0.0013 
12 0.0014 
13 0.0085 
14 0.0016 
5 0.0017 
16 0.0018 
17 0,0019 
18 0.0020 
19 0.0021 
20 0.0022 


For low volume locations such as small LACT units where five runs within a range of 
0.0005 may not be practical or cost effective, three runs withia a range of 0.0005 may be 
practiced. The random uncertainty of the average of three proving runs that agree within 
a range of 0.0005 is as follows: 


a( MP) = :303X0.0005) _ 45 .00073 
(v3\1.693) 


For meter proving sets of three to fifteen proving runs, a variable range limit can be 
calculated that maintains the same random uncertainty in the average of three runs that 
agree within a range of 0.0005. These variable range limits are as shown in Table A-2. 


Table A-2—Variable Range Criteria 
for 0.00073 Random Uncertainty in Average Meter Factor 


Number of Proving Runs, n Moving (Variable) Range Limit 
3 0.0005 
4 6.0009 
5 0.0014 
6 0.0017 
7 0.0021 
8 0.0025 
9 0.0028 

10 0.0032, 
a) 0.0034 
12 0.0087 
13 0.0040 
14 0.0043 
15 0.0046 


The scatter in erratic meter proving data can be normalized by avcraging the results of 
several meter proving runs and comparing the averages of these small sets for agreement 
with deviation limits. In these instances, at least three consecutive proving runs are recom- 
mended for each set. The averages of two or more of these sets can be compared for agree- 
ment of meter-proving deviation limits. 
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Table B-1—Trouble-Shooting Guide for Pipe Prover Operators-Part 1 


Location and Possible Cause 


Test‘Inspection 


Corrective Action 


1. Poor Repeatability 


L. Entrapped air/vapor 


2. Flashing in 4-way 
diverter valve or 
sphere-handling 
valve 


3. Isolating valve 
leakage 


4, Leakage in 4-way 
diverter valve or 
sphere-handling 
valve 


5. Cycle time of 4-way 
diverter valve or 
sphere-handling 
valve 


6. Detector(s) 


7, Temperature 
‘Variation 


8. Sphere 


9. Piston 


10. Meter bearing 
wear 


11. Accessory gear 
wear 


12. Turbine meter 
straightening 
section 
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Open vent with sphere 
traveling, check for ain/vapor. 
(This may not give positive 
Tesponse because of possible 
air/gas pockets.) 


Measure pressure at the 
valve at maximum flow rate 
and see if in accordance 
with specification. 


Check double block-and-bleed 
for leakage. 


Check double btock-and-bleed 
Tor leakage. 


Check double block-and-bleed 
closure before sphere 
teaches the first 
detector. 


Check detectors against 
external signal source. 
Use ohm meters to check 
continuity of switch closure. 

Check for corrosion on 
terminals, 

Inspect mechanical parts of 
detectors, 


Verify temperature 
Tncasurements. 


Remove, inspect for cuts, 
blister, abrasions and/or 
deterioration. Check 
roundness and sizing. 


Apply bleed test to check 
for leakage and inspect 
seals for cuts, abrasions 
and deterioration. 


Dismantle and inspect. 
Analyze pulse train with 
oscilloscope. 


Analyze pulse train with 
oscilloscope. 


Remove and inspect for 
damage and foreign material. 


Check for air in 

fluid to prover, vent 
all high points, and run 
prover several times 
and vent. 

b, Increase meter back 
pressure, 


p 


Increase pressure by 
using back pressure 
valve. 


a. Seat valve more 
firmly by increasing 
actuator or hand- 
wheel torque. 

b. Repair valve. 

c. Cycle valve to remove 
debris. 


a. Seat valve mare 
firmly by increasing 
actuator or hand- 
wheel torque. 

b. Repair valve, 

Cycle valve to remove 


debris. 


e 


Increase speed of 
operation of the valve ar 
decrease flow rate 
through the prover. 


Calibration may be 
required if detector(s) 
are adjusted or changed 


Clean terminals. 


Clean and repair as needed 


Stabilize temperature at meter 
and prover, 


Inflate or deflate if 
necessary; replace if 
damaged. 


Replace seals if 
necessary, 


Repair/replace as 
required, 


Repair/clean as 
needed, 


Repair/clean as 
required, 
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CHAPTER 4—PRovING SYSTEMS 


Table B-1—Trouble-Shooting Guide for Pipe Prover Operators-Part 1 (continued) 


Symptom 


2. Poor Linearity 


Location and Possible Cause 


‘Test/Inspection 


Comective Action 


23, Random electrical 
interference 


14, Cavitation in 
meter 


15, Pulse generator 
faulty 


16. Fauley calibrater 


1. Cyele time of 4 
way diverter valve 
or sphere handling 
valve, 


2, Temperature 
variation. 


3. Bearing wea 


4. Damaged DM rotor 
Damaged TM 


5. Drag or wear, gears, 
couplets, etc. 
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Identify sources, Analyze 
pulse train with oscillo- 
scope, 


a) Draw sample and observe 
for stability at 
atmospheric pressure. 

b) If unstable, measire 
equilibrium vapor 
pressure of liquid. 

©) Measure pressure down- 
stream of the meter, 

d) Evaluate back presse, 


At rongtont flow nate check 
that pulse frequency is 
constant. Pulse integrity 
cueck. Analyze pulse train 
with oscilloscope. 


Analyze pulse train with 
oscilloscope. Adjust Up 
down, evaluate iMF changes, 


Evaluate MF changes, 
Sec 5 above. 


Verify temperature 
measurements. 


Dismantle and inspect. 
Dismantle and inspect. 
Analyze pulse train with 


oscilloscope. 


Head check or successive 
runs. 


Reroute cable. Use shielded 
cable. Check cable ground 
connection. 


Increase pressure. 


Repait/replace as 
required 


Repair/replace as 
required, 


Repair/replace as 
required. 
See 5 above. 


Stabilize temperature 
at meter and prover. 


Renair‘teolace ss 
required. 


Repair/roplace us 


required. 


Re-align/replace as 
required, 
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Section 8—Operation of Proving Systems 


Table B-2—Trouble-Shooting Guide for Pipe Prover Operators-Part 2 


Symptom 


Location and Possible Cause 


Corrective Action 


Miscellaneous 
problems encountered 
when proving. 


a. Less meter registration 
factor increase 


Less meter registration 
factor increase. 


More ot less, meter 
Tegistration 
factor increase/decrease 


Less meter registration 
factor increase 


b. More ineter registration 
factor decrease 


More meter registration 
factor decrease 


‘Less meter registration 
factor decrease 


Severe change in MF 
Severe decrease in MF 


Severe increase in MF 


Severe decrease in MF 
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Meter 


Meter 


Meter calibrator 


Prover temperature too low: 


Prover lemperature Wo high reading 


Fluid viscosity increase 


Build-up on pipe wall 


Malfunction in ATC assembly: 
Collaspsed bulb and betlows 


Malfunction of calibrator 
Inner-mechanical problems 


Displacer undersized 


Rebuild meter. 


Replace bearings. 


Lubricate or replace, 


Stabilize temperature. 
Check thermometer. 
Stabilize viscosity. 
Investigate reason for 

buiid-up/clean prover. 
Hat/cold test. 


Replace B & B. 


Repairreplace. 


Size/replace. 
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34 CHapTer 4—Provine Systems 


Table B-3—Trouble-Shooting Guide for Small Volume Prover Operators 


Symptom Location and Possible Cause TesvInspection Comective Action 
PROVER 
1. Poor repeatability 1. Entrapped air/gas Open prover vents to see if Open vents and cause 
in prover air/gas is present. displacer to travel until 
air'gas is removed. 
2. Leakage by isolation Check double block-and- a, Open and reclose valve. 
valves bleed. b. Seat valve more 
firmly by increasing 
torque. 
¢. Replace seats. 
3. Leakage at bypass Check double block-and- a. Seat valve more 
or diverter valve. bleed. firmly by applying 
more pressure, 
b. Replace seals 
4. Leakage by displacer Check for leak by method Reptace seal(s). 
recommended by manufacturer. 
5. Cavitation in Measure pressure loss through a. Reduce flow rate. 
proving system the meter/proving system to b. Increase back-pressure 
see if within specification. on proving system. 
6. Detectar(s) Check detectors for proper V faulty replace detectors. 


7. Blectronics, pulse 


operation. 


Check per instructions ia 


Shield optical switches 
from ambient light. 


Adjust/repaireplace as 


i API MPMS Chapter 4, required. 
Section 6. 
8. Improper plenum Verify plenum pressure per Adjust as required. 
pressure manufacturer's specification. 
METER 
1. Intemal wear Dismantle anc inspect. Repair/replace as required. 


2. Random electrical 


‘Trace and eliminate 


Remove or replace 


interference interference. problem. 
3. Cavitation in Measure pressure a few Inercase pressure by 
meter pipe diameters downstream using back pressure. 


of the meter at a maximum 
low rate and see if within 


Specifications. 

4. Pulse generator, At uniform flow rate check a. Check gear train. 
fault that pulse frequency is b. Repairfreplace 

constant, as required. 

5. Turbine meter Remove and inspect for Repair or replace as 
straightening, damage or blockage by required. Clean out 
section forcign object. foreign object. 

PROVER 

2, Poor linearity 1. Leakage through bypass Same as 3 above. Same as 3 above. 
or diverter valve 

2. Temperature, Measure temperature: Concet for temperature 
variation accurately. effects at meter and 

prover. 

3. Bearing wear Dismantle and inspect. Replacefrepair as 

required. 

4. Cavitation Check pressure loss through Apply back pressure 

proving system and or reduce flowrate. 
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Section 8—Operation of Proving Systems 


35 


Table B-3—Trouble-Shooting Guide for Small Volume Prover Operators (continued) 


Symptom Location and Possible Cause Test/Inspectian Corrective Action 
PROVER (continued) 
5. Pulse generator, At constant flowrate check a, Check gear train, 
fault that pulse frequency is b. Repair/replace 
constant. as required 
6. Damaged rotor Dismantle and inspect. Repair/replace as required. 


Table B-4—Trouble-Shooting Guide for Master-Meter Prover Operators 


Corrective Action 


Adjust back pressure to 


Symptom Location and Possible Canse Tesv/nspection 
MASTER-METER PROVER 
1. Poor repeatability 1. Cavitation Apply excessive back 

pressure for a brief appropriate level. 
period. 

2. Pulse generator, At uniform flowrate check Repair or replace as 

fault thal pulse frequency is required, 

constant. 

3. Electrical noise Check for random electrical Trace and eliminate 
imerference. interference, 

4. Entrapped air/gas Open vents slowly, then Locate airfgas source 


and/or cavitation 


a 


. Worn meter parts. 


6, Leaking valves 


FIELD-METER 
Cavitation 


n 


. Pulse generator, 
fault 

3, Temperature 

variation 


a 


. Worn meter parts 


w 


Turbine meter 
straightening section 


a 


Pressure vaciation 


7. Temperature 
veriation 
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close. 


Dismanile and inspect. 


Check for full open/close 


position and leak tightness. 


Same as 1 above. 

Same as 2 above. 

Measure tempcrature often 
and accurately. 

Same as 5 above. 


Remove and inspect for 
damage. 


Check gauges. 


Check temperature 


sensors. 


and eliminate. 
Reassemble with new 
parts as required and 
reprove master-mcter. 
Repair or replace as 
required. 
Same as 1 above, 
Same as 2 above. 
Correct for temperature: 
cffeeis on field-meter 
and master-meter, 


Same as 5 above. 


Repair or replace as 
required. 


Look for cavitation 
Check back pressure. 


Maintain stable 
flow condition, 
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Symptom 


1, Poor repeatability 
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CrapTerR 4A—PAOvING SYSTEMS 


Table B-5—Trouble-Shooting Guide for Tank Prover Operators 


Location and Possible Cause 


Test/Inspection 


Corrective Action 


PROVER 
1, Inconsistent 
drain down time, 


2, Drain valve leaks 


3, Unstable prover 


4. Unsatislactory tilt 
condition 


5. Unstable flowrate 


6, Vaporization 
METER 


1. Bearing wear 


2. Counter docs not 


repeat 


3. Meter cavitation 


4, Meter calibrator 
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Measure drain down time. 


Fill prover to capacity 
read upper scale and let 
stand for 15 minutes, then 
then read scale again to 
see if any leakage. 


Try rocking by applying 
a modest force. 


Ki pipe must always dram 
completely or always retain 
the same amount of fluid 
before and after each run. 


Monitor flowrate. 


Lower flowrate. 


Dismantle and inspect. 


Remove counter and hold 
input shaft firmly while 
resetting, to see if it 
resets 10 zeto cach time. 


Apply excessive back 
pressure for a brief time. 


Isolate and test 
temperature mechanism. 


Follaw drain down time 
on calibration certificate. 


Repair valve wo 
removing 

Replace vaive and 
recalibrate. 


Level prover and make 
secure. 


a. Secure Hl pape 
position 

b.Provide vent in fill 
pips. 


a. Secure flowrate 
control valve. 
b.Stabilize back pressure, 


Change fill procedure. 


Replace/repair as 
required 


a Repair/replace as 
required. 

b. Check gear backlash 
in meter head. 


Adjust back-pressure 


according to requirements. 


Repair/replace as 
required. 
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